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ABSTRACT OF THESIS

AN ECOLOGICAL STUDY OF GLYPHOSATE USE AND NON-HODGKIN’S
LYMPHOMA

Glyphosate is currently the most widely used herbicide in the world. Initially
thought to be non-carcinogenic in humans, in 2015 glyphosate was classified as a “probable
carcinogen” by the International Agency for Research on Cancer due to several small
epidemiological studies indicating a link between the pesticide and hematologic cancers,
especially non-Hodgkin’s lymphoma (NHL). The current work is an ecological study using
counties in Kentucky, Arkansas, and Iowa to compare glyphosate usage to NHL incidence
using a multivariate Poisson regression. We found no significant correlation between
glyphosate use and NHL incidence, though caution should be taken to draw significance
from a population-level study. Future work should revisit large cohort studies to further
investigate this potential link.
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CHAPTER 1. INTRODUCTION
1. BACKGROUND
Glyphosate, marketed under the trade name Roundup, is an organophosphorus herbicide that has
been used ubiquitously throughout the past half century. It is currently the most widely used
herbicide in the world.1 Glyphosate works by interfering with the synthesis of aromatic amino
acids in a metabolic pathway unique to plant species.2 Though initially thought to be noncarcinogenic in humans, glyphosate was classified as a “probable carcinogen” by the
International Agency for Research on Cancer (IARC) in 2015 based on small epidemiologic
studies and evidence of carcinogenicity in animal and in vitro studies.3 Specifically, glyphosate
is thought to cause malignancy via genotoxicity and/or oxidative stress and is proposed to be
associated with the hematologic cancers non-Hodgkin’s lymphoma (NHL), acute myelogenous
leukemia (AML), and multiple myeloma (MM).4
Since the IARC’s decision glyphosate has been the subject of much scientific and legal debate.
Multiple large observational studies have been conducted with mixed findings, with most of the
literature and lawsuits centering on non-Hodgkin’s lymphoma (NHL), the most common of the
three cancers implicated. Despite conflicting data, a multitude of class-action lawsuits have been
filed against Bayer/Monsanto, the manufacturer of Roundup, alleging it to be the cause of NHL
cases in individuals exposed. As of this writing, the company has settled for nearly $11 billion
with many lawsuits yet to be completed.5
2. GAPS IN THE LITERATURE
Most prior work on this topic is composed of observational studies including case-control
studies, large cohort studies, and meta-analyses; these will be further discussed below. Though
often large-scale and well-designed, these studies have some inherent limitations. Much of the
data has been collected via surveys distributed to agricultural workers. Agricultural workers and
manual laborers more generally are typical examples of the “Healthy Worker Effect”, a
phenomenon wherein those in the study group are healthier than the general population and
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therefore less likely to develop chronic diseases such as cancer; alternatively, those who develop
chronic diseases are less likely to take jobs requiring manual labor.6 Furthermore, these studies
rely on self-reporting via surveys to determine the workers’ exposure to glyphosate, thereby
making misclassification bias through faulty recall more likely.2 Though the authors are
generally able to alleviate these problems with statistical methods, they remain limitations to the
study design.
3. CURRENT DESIGN
These limitations led to the design of the current study. We have conducted an ecological study
using data from Kentucky, Arkansas, and Iowa modeling the potential association between
county-level age-adjusted incidence of NHL aggregated from 2000 to 2016 to county-level
glyphosate use in 1992 as reported by USGS. This methodology is less prone to the type of
misclassification and recall bias that is common with self-reported exposure classification.
To our knowledge, this is the first study of this type to investigate the link between
environmental glyphosate levels and NHL.
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CHAPTER 2. LITERATURE REVIEW
1. INTRODUCTION
Since early reports of a possible link between glyphosate use and NHL, multiple laboratory and
epidemiologic studies have been performed with often contradictory findings. Presented here is a
brief review of the literature. The studies were organized first by methodology then by year to
best illustrate the evolving debate over time. Emphasis was placed on epidemiologic studies, as
an in-depth review of biological mechanisms is beyond the scope of the current work.
Furthermore, many case-control studies were excluded from the review, as they were included
within the systematic reviews and meta-analyses we examined.
2. BIOLOGICAL EVIDENCE
Although glyphosate is designed to inhibit chemical pathways exclusive to plant species,
potential mechanisms for toxicity in humans and animals were proposed in multiple studies as
early as 1995.7 The 2015 IARC decision was based partly on in vitro evidence that glyphosate
could cause DNA and chromosomal damage through oxidative stress, as well as evidence of
chromosomal damage in individuals residing close to glyphosate spray sites.3 More recent
studies, including a 2019 mouse model by Wang et al. have demonstrated more specific links
between glyphosate exposure and B-cell hematologic abnormalities seen in multiple myeloma
and non-Hodgkin’s lymphoma.8 Wang et al. used relatively high doses of glyphosate unlikely to
be seen in humans, but nevertheless their results suggest a mechanism for the specific types of
hematologic cancers proposed to be linked to glyphosate exposure.
3. CASE-CONTROL STUDIES AND REVIEWS
Much of the initial research into the potential link between glyphosate use and malignancy was
done via case-control studies. The first pooled meta-analysis of many of these studies was
performed by De Roos et al. in 2003.9 This study used data collected in the 1980s by the
National Cancer Institute and combined three case-control studies in the midwestern United

3

States to create a large sample size (n = 3417) with 870 NHL cases and 2569 controls.
Participants were all white men over age 30. Forty-seven pesticides were analyzed in total
including glyphosate. Thirty-six of the cases had exposure to glyphosate compared to 61
controls; the logistic regression odds ratio was 2.1 (1.1 to 4.0) and hierarchical regression odds
ratio was 1.6 (0.9 to 2.8). This indicated a slight but significantly increased odds of having been
exposed to glyphosate in cases versus controls, suggesting that glyphosate was a potential risk
factor for NHL. This study was limited largely by the data collection process. The exposure
metric used was “ever use” of a pesticide, which the authors admit was a crude measure that did
not allow for dose-response measurement. Furthermore, there is no measure of the timing of
exposure to various pesticides in relation to disease development. De Roos et al. would later
perform a cohort study using data from the Agricultural Health Study that was updated in 2018
by Andreotti et al., described below.2
A more recent review by Weisenburger (2021) analyzes 6 large case-control studies, including
the one written by De Roos et al. above.4 Four of these studies showed small but statistically
significant odds ratios suggesting a link between glyphosate and NHL. The author claims that
these studies in addition to the animal and mechanistic studies “…provide a coherent and
compelling pattern of evidence that glyphosate (is) a cause (of) NHL in humans exposed to these
agents.” However, in reaching this conclusion, the author dismisses two extremely large cohort
studies due to their risk of inherent biases, while failing to acknowledge this same risk of bias
adequately in the much smaller case-control studies. It is worth noting that Dr. Weisenburger
originally submitted this manuscript in 2017 as paid expert testimony in a lawsuit against
Monsanto. Dr. Weisenburger’s professional and research integrity is certainly not being called
into question; however, as with industry-funded studies, any research or review conducted with
an intent to support the alternative or null hypothesis should be more critically examined.
4. COHORT STUDIES
Two large cohort studies have been performed analyzing the link between glyphosate and NHL.
The first is a 2018 study from Andreotti et al. and is an update to a 2005 publication by De Roos
et al.2,10 This study uses data from the Agricultural Health Study (AHS), which is a large cohort
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of 57,310 individuals who sought pesticide applicator licenses between 1993 and 1997 in Iowa
and North Carolina. The individuals were followed with 5-year follow-up interviews in the initial
2005 study and the 10-year cancer incidence follow-up was updated in the 2018 study to address
latency concerns. In addition, survey questions were used to estimate exposure for an additional
decade for an exposure lag time totaling 20 years. The authors found no significant link between
increased glyphosate use and NHL or any of its subtypes, though a statistically significant rate
ratio was found for the leukemia acute myelogenous leukemia in the highest level of exposure to
glyphosate. Though large and very detailed, this study does have limitations. Relying on survey
data creates the possibility for misclassification bias through problems with participant recall of
pesticide use. The prospective design of the study attenuates this somewhat, as the
misclassification is likely to be nondifferential. Furthermore, this cohort is essentially all
agricultural workers, who tend to on average be healthier than the general population; however,
given that the comparison groups are also agricultural workers, it is unlikely that this caused any
significant bias towards or away from the null.
The second large cohort study from Leon et al. published in 2019 used data from the AGRICOH
consortium which included the AHS above as well as cohorts from Norway and France for a
total of 316,270 individuals in the cohort and 3,574,815 person-years of follow-up.11 The median
follow-up time was 16 years. In this cohort, 2430 cases of NHL were diagnosed and classified by
subtype. The analysis used an impressively detailed exposure classification to analyze 14
pesticide groups and 33 ingredients against NHL subtypes over time. Glyphosate was not found
to be associated with overall incidence of NHL (HR 0.95; 95% CI 0.77-1.18). A marginal
association was detected for the diffuse large B-cell lymphoma subtype (HR 1.36; 95% CI 1.001.85). The authors cautiously examine this elevated hazard ratio in the context of the literature,
acknowledging that this study does not adjust for smoking, alcohol, or family history of cancer
and use the crude exposure classification of “ever use” rather than using frequency of use or
amount used as in other studies that did not show this association. Furthermore, though the AHS
used survey data to self-classify individuals into exposure groups, the Norwegian and French
cohorts used pesticide registration and sales data to estimate exposure. This did not guarantee
that the individual farmer or worker included in the survey actually used the pesticides, only that
the pesticides were bought and/or registered in the individual’s geographic region. Finally, this
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study analyzed 47 different pesticides or ingredients against 6 cancers or subtypes for a total of
282 comparisons. With p-value significance set at 0.05, we would expect about 14 of these
comparisons to show statistical significance by chance alone. Thus, this study is at high risk for
multiple comparisons bias despite its high statistical power and excellent cohort design.
A third, smaller 2019 retrospective cohort study by Lamure et al. did not analyze occupational
exposure the pesticides as a potential risk factor for NHL, but assessed a cohort of 244 patients
with the DLBCL subtype of NHL and compared the treatment outcomes of those exposed to any
pesticide versus those not exposed.12 Study patients exposed to any pesticide had significantly
higher treatment failure (OR 3.0; 95% CI 1.3-6.9), significantly lower two-year event-free
survival (HR 2.2; 95% CI 1.3-3.9), and significantly lower 2-year overall survival (HR 3.9; 95%
CI 1.5-10.0). These differences were greater in patients who specifically worked in agriculture.
This study is interesting but limited by its small size and failure to differentiate types of pesticide
used by the patients. Essentially, this study concludes that patients with DLBCL who have ever
used pesticides may be at higher risk for treatment failure and death, and that this risk is higher
for agricultural workers; however, the study does not analyze these pesticides as potential risk
factors for the development of NHL.
5. SYSTEMATIC REVIEWS AND META-ANALYSES
As many case-control and cohort studies have been published with contradictory results, multiple
attempts at systematic reviews and meta-analyses have been performed over the past decade to
make sense of the literature. A review without meta-analyses was performed by Mink et al. in
2012, three years prior to the IARC decision to classify glyphosate as a probable human
carcinogen.13 Notably, this research was supported and funded by the Monsanto Company, the
manufacturers of glyphosate and may thus suffer from a biased viewpoint. The study is more
general than other works, including all solid and hematologic cancer types in the review. The
authors review seven cohort studies, all which used data from the Agricultural Health Study
(AHS). Though the original cohort was quite large, the sub-cohorts used by the seven studies are
often much smaller (e.g., focusing on pregnant women, children, etc.). The authors found no
consistent trend for any cancer subtypes across the seven studies. Fourteen case-control studies
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performed between 1990 and 2008 were also reviewed. Most studies showed no association
between glyphosate and any of the cancers included, except for the De Roos et al. study
discussed above.9 The reviewers conclude that the literature at the time showed “…no evidence
of a consistent pattern of positive associations (…) indicative of a causal relationship between
any site-specific cancer and exposure to glyphosate.” This review is limited in that it does not
include a meta-analysis and was published before the Leon et al. cohort study discussed
previously.11 Furthermore, this review is limited to epidemiologic evidence, excluding laboratory
research into carcinogenic mechanisms of glyphosate.
Following the IARC’s 2015 decision, a follow-up industry-funded systematic review was
performed by Acquavella et al.14 This essentially reiterated what Mink et al. had concluded,
though included only nine studies in total. Acquavella et al. place a higher degree of weight on
De Roos et al.’s 2005 AHS study given its size and cohort design. As with the Mink study, this
review does not include laboratory research, which was used in the IARC’s decision.3 This
choice to include only epidemiologic data may have been motivated by the desire to emphasize
studies that do not support an association with NHL. As with Weisenburger’s review discussed
previously, these industry-funded manuscripts must be interpreted with a degree of caution, as
some amount of bias may be present to favor the null hypothesis.
A detailed meta-analysis specific to glyphosate and NHL was published by Zhang et al. in 2019.7
A total of six studies were included in the meta-analysis, with those excluded largely being those
with overlapping data. The authors reported a significantly increased risk of NHL in individuals
with the highest exposure to glyphosate (meta-RR 1.41; 95% CI 1.13-1.75). Kabat et al. (2021)
critiqued this in a follow-up study.15 Zhang et al. used only data from quartile 4 of glyphosate
exposure – the highest – and emphasized data with a lag-time of 20 years from exposure. They
did not analyze those with “ever-exposure” but rather focused on a smaller number of
individuals. Furthermore, they included both case-control and cohort studies in the metaanalysis, which Kabat et al. argue is often problematic due to different biases, such as recall and
selection bias in case-control studies. Kabat et al. repeated the meta-analysis using those with
ever-exposure to glyphosate and found no increased risk of NHL (meta-RR 1.05; 95% CI 0.871.28).
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The most recent meta-analysis was conducted by Boffetta et al. in 2021 as an update to Donato et
al.’s 2020 study.16,17 Six studies were included for analysis. When using ever-exposure to
glyphosate, the authors found no increased risk of NHL (meta-RR 1.05; 95% CI 0.90-1.24).
Similarly, no increased risk was observed in the highest category of exposure (meta-RR 1.15;
95% CI 0.72-1.83). When analyzing NHL subtypes, only DLBCL was found to be significantly
related to NHL exposure (meta-RR 1.29; 95% CI 1.02-1.63), though the authors emphasize that
this risk is not adjusted for potential confounding risk factors and was not consistent across
studies. The study found some evidence of publication bias in the studies included, which
appears to be consistent with other literature reviews published on the topic.
6. CONCLUSIONS
There is a large body of literature published on the potential link between NHL and glyphosate
exposure. The question is confused by multiple contradictory studies and potential bias due to
industry and non-industry funding. Publication bias seems to be present in much of the smaller
studies published, misclassification bias present in studies using survey data, multiple
comparisons bias in the large cohort studies, and finally inherent bias in studies whose funding
comes from stakeholders who wish the null or alternate hypothesis supported. As this debate
works through the court system and academia, caution must be taken to carefully consider the
body of literature as a whole and critically examine each study for potential biases.
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CHAPTER 3. METHODS
1. GENERAL STUDY DESIGN
We performed an ecological study using publicly available county-level data from three states:
Arkansas, Iowa, and Kentucky. We chose these states due to data availability, large agricultural
population, and a wide range of glyphosate use among counties. The database was created using
data from three publicly available sources.
2. EXPOSURE MEASURE
We collected levels of glyphosate use for 1992 from the US Geological Survey’s (USGS) public
National Water-Quality Assessment Project website.18 The methodology used by the USGS to
develop this dataset is very complex but deserves a brief overview. A survey of over 20,000 farm
operations throughout the United States of 39 pesticides was performed yearly starting in 1992.
This survey emphasized larger farms in order to represent a greater percentage of crop acreage.
This dataset was combined with data from the US Census of Agriculture, which reports countylevel harvested crop acreage every five years starting in 1992. An estimated pesticide use, or
“EPest-low” and “EPest-high” in kilograms of pesticide per square mile was calculated and
reported each year for every county.19 We used the average of the low and high estimate in the
current analysis.
3. OUTCOME MEASURE
County-level incidence rates of NHL, aggregated from the years 2000 to 2016, were collected
from publicly published cancer registries.20 The incidence rates were age-adjusted to the year
2000 population in the original dataset. The years 2000 to 2016 were chosen to allow for a
latency period for the potential exposure to cause identifiable NHL in those exposed. The
literature is mixed regarding true latency period for NHL development, with times ranging from
10 to 30 years.4 Therefore, using a range of years not only allowed for a more complete dataset
given the rarity of NHL but also took into account this unclear latency period.
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4. COVARIATE MEASURE
We collected additional covariates used in our model from the County Health Rankings
database.21 These included rates of college education, smoking, and binge drinking for the states
included in 2010. There are few modifiable risk factors clearly linked to NHL; rather, only age,
male gender, autoimmune conditions, and certain viruses are clearly associated with NHL.4,22 It
is thus difficult to control for specific covariates related to NHL, but rather we chose three that
tend to be proxies for overall health of a population.
We used the statistics program R to manage and analyze the data. Glyphosate levels were
operationalized as quartiles. Descriptive statistics were created using the TableOne package in R.
Additionally, we created choropleth maps using QGIS software suite to visualize geographic
patterns of glyphosate use and NHL incidence in each state.23
There were no missing data for glyphosate use or NHL incidence; however, in the final analysis
there were 15 counties from Kentucky that did not have values for at least one of the covariates
from the County Health Rankings. These counties were not included in the final adjusted
analysis but were included in the unadjusted analysis and in the map creation.
5. STATISTICAL METHODS
We used a Poisson regression to model the data. This technique is often used to model data
where the outcome is a count measure such as rate or incidence and where the data is rightskewed, which was the case in our dataset. The Poisson regression model assumes that,
𝑙𝑛(𝑟𝑎𝑡𝑒) = 𝛽! + 𝛽" 𝑥" + 𝛽" 𝑥" ⋯ 𝛽# 𝑥#
where 𝛽# is the coefficient for covariate 𝑥# . In this model, the rate ratio is the exponentiated
Poisson regression coefficient for each covariate.24 The incidence-rate ratios (IRRs) reported in
this study are calculated using 𝐼𝑅 = 𝑒 $! using quartile 1 as the reference for calculating the ratio.
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CHAPTER 4. RESULTS
We grouped the counties into quartiles by kilograms of glyphosate. The groups differed
significantly by college education, smoking, and binge drinking levels (Table 1). College
education was generally higher in the highest-exposed quartiles, but the standard deviation was
higher than the difference between the groups. This same trend held true for binge drinking.
Smoking rates tended to be lower at higher glyphosate levels with a difference of over 6
percentage points between quartile 1 and quartile 4. Though each of these differed significantly
among quartiles of glyphosate use, none was significantly associated with NHL incidence in the
final Poisson model.
Table 1. Mean NHL and covariate incidence by county-level glyphosate quartile
p-valueb

Q1

Q2

Q3

Q4

70

69

69

70

NHL incidence, mean (SD)

19.74 (3.84)

19.14 (4.00)

19.50 (3.18)

20.41 (2.98)

0.192

Percent college educated, mean (SD)

11.00 (5.03)

13.60 (6.18)

14.68 (6.86)

14.29 (3.93)

0.001

Percent smokers, mean (SD)

30.02 (6.92)

24.45 (6.15)

24.74 (5.77)

23.72 (5.64)

0.001

9.08 (5.55)

13.13 (6.63)

13.08 (5.58)

13.99 (5.31)

0.001

Number of Counties

Percent binge drinkers, mean (SD)
a

Quartile of kilogram per square mile: Q1, 0 – 494.1 kg; Q2, 494.1 – 1050.8 kg; Q3, 1050.8 – 1666.6; Q4, 1666.6+ kg
p-value from one-way ANOVA
Q, Quartile; SD, Standard Deviation
b

Table 1.5. Mean levels of glyphosate use by state
Arkansas

Iowa

Kentucky

75

99

120

1247 (944)

1489 (694)

949 (1089)

Number of Counties, n
Mean County Glyphosate Levela (SD)
a

In kilograms per square mile, rounded to nearest whole kilogram
n, number; SD, Standard Deviation
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Neither the unadjusted nor adjusted Poisson regression models showed any significant difference
in NHL incidence by levels of glyphosate use. The unadjusted (excepting age) regression (Table
2) showed neither significant difference among quartiles nor trends with increasing levels of
glyphosate. After adjusting for college education, smoking, and binge drinking, there remained
no significant difference between quartiles (Table 3). This model showed some mild increase in
NHL incidence from quartile 2 to quartile 4 (IRR 0.94; 95% CI 0.86-1.02 and IRR 1.00; 95% CI
0.91-1.08 respectively), but this apparent trend does not extend to the lowest quartile and was not
statistically significant. Furthermore, there does not appear to be any significant relationship
between NHL incidence and college education, smoking, and binge drinking. When the fully
adjusted model was stratified by state there remained no significant increase in the IRR with
higher glyphosate use. There appeared to be no significant differences in the model results
between states (Table 4).
Table 2. Unadjusteda Poisson regression of glyphosate use and NHL incidence
Glyphosate Quartile

Incidence-Rate Ratio

95% Confidence Interval

1.0

—

Q2

0.97

0.90 - 1.05

Q3

0.99

0.92 - 1.06

Q4

1.03

0.96 - 1.11

Q1 (Ref.)

a

Unadjusted in model but adjusted for age in original dataset
Ref, Reference; Q, Quartile

Table 3. Fully adjusted Poisson regression of glyphosate use and NHL incidence
Variable

Incidence-Rate Ratio

95% Confidence Interval

Glyphosate Quartile (Ref. Q1)
Q2
Q3
Q4

0.94
0.95
1.00

0.86 - 1.02
0.87 - 1.04
0.91 - 1.08

Perc. College Educated

1.00

0.99 - 1.01

Perc. Smokers

1.00

0.99 - 1.01

Perc. Binge Drinkers

1.01

1.00 - 1.01

Ref, Reference; Q, Quartile; Perc, Percent
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Table 4. Fully adjusted Poisson regression by state
Arkansas (n = 75)

Iowa (n = 99)

Kentucky (n = 105)

Quartile

IRR

95% CI

IRR

95% CI

IRR

95% CI

Q1

Ref.

–

Ref.

–

Ref.

–

Q2

0.98

0.80 - 1.21

1.00

0.82 - 1.23

1.01

0.88 - 1.16

Q3

0.98

0.79 - 1.22

0.96

0.79 - 1.17

1.00

0.87 - 1.14

Q4

1.04

0.84 - 1.31

0.99

0.82 - 1.20

1.00

0.88 - 1.15

n, number; CI, Confidence Interval; Q, quartile; Ref, Reference; IRR, Incidence-Rate Ratio

Six choropleth maps were created to visualize this analysis. The glyphosate maps were created
using the same quartiles used in the Poisson models. The quartiles used in the NHL maps are the
overall quartile for all states. Nonstatistical visualization of these maps helps to see the lack of
association between glyphosate and NHL. In Arkansas, glyphosate use is concentrated highly in
the northwest corner of the state, while NHL incidence is highest in the central region (Figure
1). Arkansas has comparatively low rates of NHL overall, with only one county having cases in
the highest quartile.
Similarly, in Iowa glyphosate use was highest in the northwest portion of the state (Figure 2).
The incidence of NHL is more uniform throughout the state, with a relatively higher disease
burden than in Arkansas.
Finally, Kentucky has clear regional differences in glyphosate use (Figure 3). The western half
of the state uses far more than the Appalachian region to the east, which is unsurprising given the
lack of farmland in the mountains. NHL is more concentrated in the central and northern region
of the state, where the largest cities in Kentucky are located. NHL has a bimodal age distribution,
with cases generally occurring in either teens and young adults or the elderly.22 This region of
Kentucky is home to several large universities housing young people, which may explain this
regional bias. Furthermore, this region contains multiple large cancer centers and healthcare
facilities, possibly increasing diagnosis overall. In any case, there does not appear to be any
obvious regional relationship between NHL and glyphosate, as was more objectively shown in
the statistical models.
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Figure 1. County-level Choropleth Maps, Arkansas

Arkansas Glyphosate Use by County, 1992
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Figure 2. County-level Choropleth Maps, Iowa

Iowa Glyphosate Use by County, 1992
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Figure 3. County-level Choropleth Maps, Kentucky

Kentucky Glyphosate Use by County, 1992
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CHAPTER 5. DISCUSSION
1. GENERAL DISCUSSION
In recent years there has been a great deal of research into the potential link between glyphosate
use and levels and the risk of developing NHL and other hematologic cancers. Most of this
research has been done via cohort studies and case-control studies, relying on survey data of
farmers and farmworkers to quantify exposure. To our knowledge, the current study is the first to
use aggregate environmental data to investigate this posited link. We found no significant link
between glyphosate levels and NHL incidence in this population-based ecological study.
As with any ecological study, caution must be taken when viewing the results. The unit of
analysis is the county, and therefore we cannot make causal claims about individuals. However,
our results should be considered in the larger context of the literature regarding glyphosate use
and hematologic cancers. There is in vitro evidence that suggests a mechanism of carcinogenicity
for glyphosate in animal models. Observational cohort and case-control studies are extremely
varied in their conclusions; however, most of the highest-quality evidence does not support a
significant link between glyphosate and NHL specifically. Our study is broader still, suggesting
no environmental or population-level link.
2. LIMITATIONS
This study has several limitations which should be considered. First, as discussed previously, one
should avoid any causal conclusions or claims when reading an ecological study. Populationlevel trends do not necessarily imply individual pathophysiology and mechanism. Furthermore,
our study is limited to only three states. This was done to ensure a wide variation in glyphosate
use and due to limited public data in the cancer registry databases. Though nearly 300 counties
were included in the study, a larger study may increase statistical power.
This study limits the misclassification bias likely present in the survey-based studies discussed
previously but is still prone to misclassification in the initial data collection process. The USGS
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uses a complex method of surveys and land use data to determine pesticide use in each county,
but this still relies partly on human recollection and may therefore still be prone to recall bias
leading to misclassification. The multitude of measurements used in this method likely provide
the best estimate for glyphosate use; however, each measurement brings an additional degree of
measurement error which may contribute to uncertainty in the measurement of glyphosate use.
Finally, this study uses only four covariates: age, college education, smoking rates, and binge
drinking rates. Though these are good proxies for socioeconomic status and general baseline
health, a more robust model may be useful in future work. Unfortunately, there are very few
modifiable risk factors identified for NHL and most hematologic cancers in general, so markers
of overall health are likely the best covariates possible in models such as ours.
3. FUTURE DIRECTIONS
Most of the more recent work on the question of glyphosate and NHL has been composed of new
meta-analyses of the same two or three cohort studies. These studies have significant issues with
exposure measurement and are often not specific to glyphosate. The study best equipped to
answer the question would be a cohort study with a group of pesticide applicators with monitors
worn during the application process. This would be a very expensive project but may be feasible
given the significant financial interest riding on this question. Barring new cohorts, future studies
can expand upon the present study using more counties or countries, different or more accurate
exposure measures, and more covariates to control for potential confounders.
4. AN ARGUMENT FOR CAUSALITY OR LACK THEREOF
When evaluating the question of glyphosate and NHL, Weisenburger et al. went in detail through
the nine Bradford Hill Criteria for causation to argue his case.4 It seems appropriate to perform a
similar analysis of causality with Sir Austin Bradford Hill’s criteria using the large body of
literature in addition to the current study.25
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(1) Strength of association. Though authors have observed an association between
glyphosate and hematologic cancers, very few outside of small case-control studies see
rate or odds ratios greater than 2.0, with most being less than 1.5. This suggests a less
than 50% greater rate of cancer or odds of being exposed. Of the statistically significant
findings in the large cohort studies, the lower end of most confidence intervals is less
than 1.2. Though a few statistically significant associations have been seen, the strength
of association is relatively weak and is very inconsistent. Our study showed no
association.
(2) Consistency. The literature is extremely inconsistent as has been discussed previously.
Multiple analyses, often by the same author, have differing findings. In fact, there is a
much more consistent lack of association between glyphosate and NHL; this was further
supported by our current study.
(3) Specificity. Glyphosate is indeed implicated specifically in the development of
hematologic cancers rather than solid tumors or other chronic diseases, and a biological
mechanism specific to B-cell cancers was proposed by Wang et al.8 However, this is not
specific to NHL, and often associations were found to other hematologic cancers
incidentally as was seen in the large cohort studies.2,11 Though NHL is the most common
cancer implicated, rarer cancers like AML have been found significantly associated in
some studies, decreasing the specificity of the association.
(4) Temporality. All studies used some degree of lag-time between exposure to glyphosate
and the measure of NHL rates. Those using a lag-time of 10-20 years did not conclude
any increased incidence as time from exposure increased, though some reported possible
significance at the 20-year exposure mark.2
(5) Biological Gradient. There has been some reported evidence that the highest level of
glyphosate exposure was most associated with increased risk of hematologic cancers.2,10
This association was inconsistent, and the highest-exposed groups often had very poor
statistical power and large confidence intervals. The current study does not show any
increase in NHL incidence at the highest level of glyphosate exposure.
(6) Plausibility. In vitro studies have demonstrated the potential for glyphosate to cause
mutations and specifically to cause B-cell mutations seen in many lymphomas and

19

leukemias. This was paramount in the IARC’s 2015 decision but has not been
consistently shown in vivo in epidemiologic studies since.
(7) Coherence. The hypothesis that glyphosate and any other pesticide may cause forms of
cancer is coherent with the generally known association of various chemical exposures
and mutations in humans leading to cancer. However, as previously stated, though the
hypothesis is coherent with this general schema and the in vitro studies, very little
epidemiologic data support the hypothesis, including the current study.
(8) Experiment. As is the case with many exposures, an ethical experiment in vivo would be
highly unethical, and thus experimental data supporting the alternative or null hypothesis
is not available outside of laboratory research in vitro.
(9) Analogy. The IARC classifies three pesticides – arsenic, ethylene oxide, and lindane – as
conclusive carcinogens.3 Though glyphosate is a pesticide as well, the analogy is not a
fair one as glyphosate has vastly different chemical structure and mechanism of action as
these chemicals. Therefore, the criterion of analogy does not apply in this case.
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CHAPTER 6. CONCLUSIONS
The present study is an ecological study investigating the proposed relationship between levels
of the pesticide glyphosate and incidence of non-Hodgkin’s lymphoma. When adjusting for age,
education, smoking, and alcohol consumption, our Poisson regression model did not reveal any
significant link between NHL and glyphosate at a county population level in Arkansas, Iowa, and
Kentucky. Care should be taken when interpreting these values and no causality or lack thereof
can be claimed by our results. When considering this study as part of the larger body of
literature, is difficult to make an argument that glyphosate has a causal relationship or even a
consistent association with NHL. Our findings appear to agree with the majority of the literature
that does not support a link between glyphosate and NHL. Future research should aim to revisit
large cohort studies with the aim of minimizing misclassification bias or to expand on this study
with more populations and different exposure measures.
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